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undernutrition in less affluent countries is rising; and due to higher food prices, poorer subpopulations in the developed world are missing out on a range of protective foods, like fruit and vegetables, and in the developing world, staples like rice, maize and wheat. [7] [8] [9] This paper focuses on the opportunities for food system transformations posed by climate change. It begins by sketching the symbiotic relationship between climate change and sustainable food yields, before contrasting two strategies for dealing with anticipated food shortages and the associated growth in diet-related diseases: the promotion of the functional food sector and civic and urban agriculture. While examples of civic agriculture such as farmers' markets and food co-operatives are relatively recent in Western countries, urban agriculture has a long tradition as a localised response to food shortages, the degradation of urban communities and urban poverty in cities in both developed and developing countries. With over half of the global population living in cities, urban agriculture may have significant implications for rethinking conventional approaches to agrifood systems.
Industrial food systems and climate change
Food is a major user of energy and thus contributor to greenhouse gas emissions, with 15 to 20% of energy used in developed countries attributed to their food sectors. 5 In Australia, emissions from agriculture accounted for 16% of net emissions in 2004. 10 This proportion increases to 23% when producer emissions from energy, transport and waste are included. 3 The entire food chain is implicated, with household food preparation, organic waste disposal and car shopping trips adding a further 10% to emissions. 3 In Europe, and we assume Australia, the most energy intensive food commodities are the most health damaging: animal-based foods, fats and oils, and sweets, snacks and drinks. 5, 11 While there is popular debate about the distance that foods travel, or food miles, it is the mode of transport that is important. The 1% of foods known to be airfreighted in the United Kingdom (UK) accounts for 11% of food transport's overall contribution to carbon dioxide. 12 Global free trade arrangements will deepen the extent of air-freighted foods. It is now generally recognised that the food miles metric is a poor proxy for environmental damage, and that lifecycle assessments from paddock to plate are important. 3 As a result of climate change, food yields are declining albeit unevenly across the globe. 7, 9, 15, 16 Reduced cereal and rice yields are the most troubling in terms of food insecurity in poorer countries. Declines result from either too little or too much rainfall, soil loss due to winds, higher temperatures, storm and hail damage to crops, and the spread of pests and plant and animal diseases. 17 Australia's major food production region based on the Murray-Darling river system is collapsing due to inadequate water flows and increased temperatures. 17 Climate change is also compromising food yields indirectly, through: 1. redirecting agricultural efforts away from human food to biofuel production as a strategy for reducing greenhouse gas emissions related to fossil fueldependant industries 2. reduced fishing permits near distressed marine ecosystems, for example, the Great Barrier Reef 3. the growth of aquaculture as a response to exhausted capture of wild fisheries, further disturbing these more traditional fish sources. 17, 18 The functional food response For more than a century, governments have periodically called on food manufacturers to fortify foods and drinks as a population-wide strategy for eliminating micronutrient deficiencies: for example, iodised salt and thiamineenriched beer. 19, 20 Since the 1980s, nutrient enrichment (energy drinks, vitamin-fortified cereals) and nutrition engineering (reduced-fat milk) have also taken place independently of government. 21 These commodities have been called corporate marketing devices for value-adding health to foods, and they may be redundant in countries where food supplies are replete with nutrients. 22, 23 To date, most functional food activity has occurred in the developed world where people can afford to pay more for the value-added items. Involving the largest agrifood and pharmaceutical corporations, it is a hugely profitable sector estimated to be worth US$30-50 billion in 2004, with large annual growth forecasts. 20 In part, because of success with golden rice (rice that is genetically engineered to deliver vitamin A), and the green revolution, an argument is gaining momentum that foods genetically modified to produce essential micronutrients are an important technological response to improving the nutrient values of the reduced food supply. 24 What is often overlooked is that the green revolution contributed to marked rural inequalities and despoiled agricultural environments. 25, 26 There is good reason to fortify food supplies where micronutrient deficiencies exist, especially in the developing world where food scarcity is an issue, but the functional food sector has major shortcomings as a response to climate changeinduced food insecurity. 27 First, it does little to challenge industrial agriculture and its externalities, including climate change. Second, it does not guarantee a balanced and diverse diet, which bodies like the World Health Organization deem important for health. 28 Third, it does not address another determinant of good nutrition: household incomes. Even in wealthy countries, climate change is driving farmers off their land into cities in search of employment. 15 Farmer and peasant reliance on cash incomes for food previously acquired through various self-sufficiency strategies can lead to inferior diets. 29 Finally, by limiting participation in the food system to the act of purchasing and consuming nutrients, it does not engage consumers with their food supply.
The civic and urban agriculture response
An alternative response to a corporate approach (that is, led by large-scale, profit-driven corporations) is civic and urban agriculture. Civic agriculture emerged out of the environmental and food counterculture movements of the 1960s and 1970s. It shifts the focus away from simply increasing economic or nutritional efficiencies in food production, instead adopting a broader perspective, which uses localised food production as a way of developing and strengthening communities. 30 Urban agriculture is an important aspect of civic agriculture in cities in both developing and developed countries. For example, when Cuba lost access to cheap fuel and petrochemical-based agricultural chemicals in the mid1990s, it worked to secure a sustainable and healthy food supply through organic food production (for both export and domestic consumption and urban agriculture). 31 For cities and urban areas in South America, Africa and the
Box 1. Life cycle assessment in the agrifood sector
Life cycle assessment is a tool for the systematic evaluation of the environmental aspects of specific products over their life cycle (from cradle to grave). 13 The technique emerged from the industrial and commercial sectors and has been internationally standardised since 1997. 14 Unlike other approaches to environmental impact assessment, it includes all supporting processes within a system and allows for multiple environmental indicators to be assessed concurrently.
Within the agrifood sector, the technique is attracting growing commercial interest as a tool for communicating broader environmental information to increasinglyinterested stakeholders. It is of particular relevance to environmental health officers and urban planners, and could facilitate food consumers to become climate watchers as they monitor the environmental consequences of their household food behaviours. 5 Pacific Islands, growing food provides a source of fresh, affordable and culturally-appropriate food, though urban agriculture has received relatively little institutional support from planners and policy makers. [32] [33] [34] Urban agriculture as a strategy for addressing food security issues has not been restricted to the developing world. In Europe and North America, it has historically inhabited a variety of spaces, taking the form of allotments and community gardens, backyards, urban and peri-urban farms, vacant lots, schools and public land. It has been incorporated within radical and conservative political agendas as a response to a variety of economic and social crises, from citizen protest and world wars to mass unemployment and urban degeneration. During the 18th and 19th centuries, low-rent allotments for establishing food gardens were made available in the UK through social reform programs to new landless peasants in order to subsidise the incomes and diets of the urban poor. 35, 36 The literature about urban agriculture and community gardening points to numerous potential social, ecological and health benefits. The therapeutic value of community gardening as a physical activity has been recognised for creating opportunities for ecological engagement and 'emotional, physical and spiritual renewal' and for contributing to the health and wellbeing of the elderly. 37 Food gardening as a leisure activity is associated with building stronger relationships and social capital at a local level. 38 A study of allotment gardens in Barcelona, Spain, found that, beyond providing a source of food, allotment gardening also makes use of the skills and knowledge brought by retirees from rural areas, such that the community garden was 'a space of physical and psychological well-being and communion with a former rural life that they had to abandon when migrating towards the industrial centres'. 39 Gardening programs for children have also emerged in schools with the aim of teaching children about the origins of what they eat, the ecological processes of food production and the importance of the table as a social space. 40 In the San Francisco area, urban food gardens were found to be strongly aligned with the objectives of Local Agenda 21 and played an important role in the greening of lowincome neighbourhoods and in revitalising the 'ecological and social health' of degraded urban communities. 41 Community garden participation has also been associated with increased consumption of fresh fruit and vegetables among gardeners, pointing to its potential as an approach for improving diet-related health that may also contribute to wellbeing in less tangible ways. 42 Urban agriculture has more recently been used as a strategy for nutritional and environmental education and community development. It is associated with the community food security movement to support 'cultural identity, citizenship and democratic practice' through localised food production and consumption. 43 Civic participation and community organising are important dimensions of many urban agriculture projects and suggest further potential for developing healthier and more vibrant communities.
With the political backing of government, the Victory Gardens program in the United States was hugely productive with approximately 40% of fresh vegetables consumed from an estimated 20 million gardens during World War II, enabling mainstream food resources to be shipped to troops overseas. 44 This suggests that, when adequately supported by government, urban agriculture has enormous potential as a localised food source. However, while it has potentially important implications for how city planners might incorporate food production into the city, urban agriculture is a relatively marginal practice in relation to conventional approaches to urban development in the West. 45 Desilvey suggests that the diversified uses of community gardens and allotments as 'urban green spaces, poor relief schemes, wartime provisioning centres and landscapes of leisure' has meant that they tend to fall between the cracks of traditional urban planning in Western cities. 36 In fact, community gardens and other urban agriculture sites have long been politically contested spaces between gardening residents, municipal government, private developers and community and grassroots organisations, particularly as they often have competing interests and differing degrees of power and agency in how urban land is allocated and managed. 39, 46 The contested nature of urban agriculture sites and a lack of appropriate institutional support present significant challenges to urban agriculture as a response to food insecurity and climate change. With land values in Australian cities rising significantly over the last decade, urban agriculture organisations often compete with developers for access to land. Nonetheless, the importance of community gardens to residents of some of Melbourne's high-rise public housing flats and community gardening volunteers is potentially profound. Cultivating a garden plot provides not only an affordable source of fresh, healthy food and opportunities for exercise, but also supplies residents with foods that are connected to their cultural heritage and that are important to feasts and celebrations. As Bhatti and Church suggest, public and private food gardens produce spaces in which people can 'develop complex, sensual and personalised readings of nature' and places to 'engage, confront and understand the changing natural world'. 47 Several Melbourne-based urban agriculture projects, such as an urban farm and mushroom growing project at Ceres and the former Garden of Eden permaculture food garden in Albert Park, have developed as social enterprise projects for learning and training as well as for reducing social exclusion and increasing ecological literacy. Many community gardening organisers are seeking to develop local responses to broader global issues such as climate change, health problems, increasing urbanisation and the inequities of the industrial food system. Sites of urban agriculture are often hotbeds of environmental, cultural and social activism and spaces of civic engagement that provide a precious economic, social and cultural resource for the community. This suggests that urban agriculture warrants further examination for its potential not only in developing alternative food systems that are more socially and environmentally sustainable but also in creating more engaged food citizens and building more ecologically and socially healthier communities. 48 Urban agriculture makes food systems more visible and brings agriculture into urban life in new and enriching ways. As Delind argues, it is not enough to grow more food locally, calling for projects which 'reintegrate agriculture, its rhythms, sensibilities, and trappings back into our daily lives. Not only do we need to make such activity visible and accessible, we also need to make it convivial and sensual'. 49 As cities like Vancouver and Toronto, Canada, and municipalities in Australia begin developing urban food policies, urban agriculture projects from community gardens to social enterprise programs are developing viable and engaging alternatives to conventional techno-industrial agrifood responses to climate change and food insecurity, such as functional foods and genetically modified agriculture. These approaches tend to alienate rather than connect consumers to the food system and diminish rather than strengthen social and ecological connections through food. Not enough is understood, as Donald and Blay-Palmer point out, of how the urban foodcreative economy might foster 'political innovations' and offer 'potential for a more socially inclusive urban development model' and a more ecological approach to dietrelated public health issues. 50
Conclusion
Plant-based diets, organic food systems and food systems based on small-scale, local production and distribution networks are becoming increasingly recognised as healthier and more environmentally sustainable approaches than the present global, industrial (energy-intensive) and animal-based system. Civic agriculture presents a holistic approach to food insecurity that is more attentive and responsive to the local economic, environmental and social factors that affect diet and health.
